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DESCRIPTION 

POLYIMIDE RESIN, METHOD OF PRODUCING POLYIMIDE RESIN, 
AND ELECTROLYTE MEMBRANE, CATALYST LAYER, 
MEMBRANE/ELECTRODE ASSEMBLY AND DEVICE EACH 
CONTAINING POLYIMIDE RESIN 

TECHNICAL FIELD 

[0001] This invention relates to a polyimide resin, a method of 
producing a polyimide resin, and an electrolyte membrane, catalyst 
layer, membrane/electrode assembly and device each containing a 
polyimide resin. 
BACKGROUND ART 

[0002] The fuel cell is a power generation device directly 
converting a chemical energy of oxygen and hydrogen into an electric 
energy, and has promise as a clean next-generation energy source not 
generating a greenhouse gas or harmful substances. Particularly, a 
proton-exchange membrane fuel cell (PEFC) or a direct methanol fuel 
cell (DMFC) is possible to reduce the size and weight and is also 
suitable as a power source for electric vehicles, household use and 
mobile devices. 

[0003] In the fuel cell, the reaction opposite to the above can be 
carried out by charging the electric energy, so that the fuel cell can be 
also used as an apparatus for producing pure hydrogen through 
electrolysis of water (electrolytic cell). Further, the fuel cell can be 
used as a hydrogen sensor (electrochemical sensor) utilizing a 
potential difference based on the difference in hydrogen concentration 
between anode and cathode, or as an electrolytic sensor (for CO) 
feeding a gas to be detected to the anode and air to the cathode. 
[0004] An electrolyte membrane used in the fuel cell or the electro- 
lytic cell and the electrochemical sensor is an ion exchange membrane 
permeating only proton under wet conditions. At the present time, a 
membrane composed mainly of a high polymer of perfluoroalkyl 
sulfonic acid is used. 

[0005] However, such a membrane can not be used in a high 
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temperature operation because the proton conductivity and membrane 
strength above 100°C lower. Also, there are problems such as 
permeation of fuel gas, high cost and the like, which are a serious 
cause of obstructing the improvement of performances in the above 
devices. 

[0006] In order to solve the above problems, there is examined the 
production of an electrolyte membrane by introducing a strong acidic 
group into an aromatic polymer. From viewpoint of the heat 
resistance, oxidative stability, mechanical strength, cost and easiness 
of introducing a substituent, a polyimide is considered to be a 
desirable structure as a basic skeleton. As to the polyimide 
electrolyte membrane, there are preciously reported some study 
examples. For example, a sulfonated polyimide is disclosed in JP-A- 
2000-510511 (corresponding to US Patent No. 6,245,881), JP-A-2002- 
105199 and Macromolecules, 35, 6707-6713 (2002). 
[0007] Patent article 1: JP-A-2000-510511 (corresponding to US 
Patent No. 6,245,881), 

Patent article 2: JP-A-2002-105199 

Non-patent article 1: Macromolecules, 35, 6707-6713 (2002) 
[0008] However, such polyimide resins are not sufficient in the 
hydrolytic stability, and the stability in water at 80°C for about 
200 hours is only attained. In order to increase the proton 
conductivity, the large amount of sulfonic acid group should be 
introduced, but the stability lowers accompanied with the increase of 
the introducing amount of sulfonic acid group. Particularly, since the 
sulfonic acid group is introduced into a main chain of the polymer, the 
hydrolysis reaction of the main chain easily occurs and the lowering of 
the molecular weight becomes remarkable. Therefore, it is very 
difficult to establish the proton conductivity and the hydrolytic 
stability in the conventional electrolyte membranes. 
DISCLOSURE OF THE INVENTION 
PROBLEMS TO BE SOLVED IN THE INVENTION 

[0009] Under the above situations, it is an object of the invention to 
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provide a polyimide resin suitable for an electrolyte of a device for 
improving performances in the fuel cell, electrolytic cell and 
electrochemical sensor, and a method of producing the same. 
MEANS FOR SOLVING PROBLEMS 

[0010] In order to solve the above problems, the invention is a 
polyimide resin having a basic skeleton represented by the following 
general formula: 
[Formula 1] 

o o 9 9 

r II H 
XT XT — i 



N^ / M \ ^N-Ar 3 



. n . 



ii 



a) 



m 



O O O 



(in the formula (1), each of Ar 1 and Ar 2 is an aromatic ring having a 
carbon number of 6-20, which forms an imide ring of 5 or 6 atoms 
with an imide group adjoining thereto. In the aromatic ring, a part of 
carbon atoms may be substituted with S, N, O, SO2 or CO, or a part of 
hydrogen atoms may be substituted with an aliphatic group, a halogen 
atom or a perfluoro aliphatic group. Ar 1 and Ar 2 may be same or 
different. R is at least one of linear alkylene group and branched 
alkylene group having a carbon number of 1-20. Ar 3 is an aromatic 
ring having a carbon number of 6-20 in which at least a part of 
hydrogen atoms is substituted with at least one of sulfoalkoxy group, 
carboalkoxy group and phosphoalkoxy group having a carbon number 
of 1-20 and a part of carbon atoms in these groups may be substituted 
with S, N, O, SO2 or CO, or a part of hydrogen atoms may be 
substituted with an aliphatic group, a halogen atom or a perfluoro 
aliphatic group, n and m show a polymerization degree and are an 
integer of not less than 2.) 

[0011] In order to achieve the above object, the inventors have 
made examinations on the molecular structure of the polyimide 
compound. As a result of the inventors' studies, there has been found 
a method of producing a polyimide in which a linear and/or branched 
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alkylene group is existent as a hydrophobic group in the main chain as 
mentioned above and at least one of a sulfoalkoxy group, a 
carboalkoxy group and a phosphoalkoxy group is existent as an acidic 
group in the side chain. In such an alkylpolyimide, the sulfonic acid 
group or the like is bonded to the alkoxy group but is not directly 
bonded to the aromatic ring in the main chain. 

[0012] Since the imide bond in the main chain is made from an 
aliphatic diamine having a basicity higher than that of an aromatic 
diamine, the hydrolysis reaction (nucleophilic substitution of water) 
hardly occurs. Owing to the presence of the alkyl groups in the main 
chain and side chain, the main chain keeps a high hydrophobic 
atmosphere, and hence the membrane has a flexibility. For this end, 
it has been found that the proton conductivity and the oxidation- 
hydrolytic stability above 100°C are excellent, and as a result, the 
invention has been accomplished. 

[0013] In the polyimide resin, the sulfonic acid group or the like 
and the main chain are rendered into a side chain type by bonding them 
through the alkoxy chain, and a part of the main chain is rendered into 
the alkylene chain, whereby the hydrolytic stability can be further 
improved without lowering the proton conductivity. Moreover, the 
term "a part of carbon atoms is substituted with S, N, O, S0 2 or CO" 
means not only a case that only the carbon atom is substituted, but also 
a case that hydrogen atom bonded to carbon atom is substituted. 
[0014] The basic skeleton of the aforementioned polyimide resin is 
preferably represented by the following general formula (2): 
[Formula 2] 



carbon number of 6-20, which forms an imide ring of 5 or 6 atoms 
with an imide group adjoining thereto. In the aromatic ring, a part of 




o o o o 



(in the formula (2), each of Ar 1 and Ar 2 is an aromatic ring having a 



04882 HH (4/28) 



carbon atoms may be substituted with S, N, O, SO2 or CO, or a part of 
hydrogen atoms may be substituted with an aliphatic group, a halogen 
atom or a perfluoro aliphatic group. Ar 1 and Ar 2 may be same or 
different, x shows the carbon number of an alkylene group and is an 
integer of 1-20. Ar 3 is an aromatic ring having a carbon number of 
6-20 in which at least a part of hydrogen atoms is substituted with at 
least one of sulfoalkoxy group, carboalkoxy group and phosphoalkoxy 
group having a carbon number of 1-20 and a part of carbon atoms in 
these groups may be substituted with S, N, O, SO2 or CO, or a part of 
hydrogen atoms may be substituted with an aliphatic group, a halogen 
atom or a perfluoro aliphatic group. n and m show a polymerization 
degree and are an integer of not less than 2.) 

[0015] More preferably, it is represented by the following general 
formula (3): 
[Formula 3] 



R* 

(CH 2 )i 2 

OO O OO 



(3) 



J m 



(CH > O O 



R' 

(in the formula (2), each of Ar 1 and Ar 2 is an aromatic ring having a 
carbon number of 6-20, which forms an imide ring of 5 or 6 atoms 
with an imide group adjoining thereto. In the aromatic ring, a part of 
carbon atoms may be substituted with S, N, O, SO2 or CO, or a part of 
hydrogen atoms may be substituted with an aliphatic group, a halogen 
atom or a perfluoro aliphatic group. Ar 1 and Ar 2 may be same or 
different, x shows the carbon number of an alkylene group and is an 
integer of 1-20. Ar 3 is an aromatic ring having a carbon number of 
6-20 in which at least a part of hydrogen atoms is substituted with at 
least one of sulfoalkoxy group, carboalkoxy group and phosphoalkoxy 
group having a carbon number of 1-20 and a part of carbon atoms in 
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these groups may be substituted with S, N, O, S0 2 or CO, or a part of 
hydrogen atoms may be substituted with an aliphatic group, a halogen 
atom or a perfluoro aliphatic group, n and m show a polymerization 
degree and are an integer of not less than 2.) 

[0016] In a preferable embodiment of the invention, at least one of 
the sulfoalkoxy group, carboxyalkoxy group and phosphoalkoxy group 
represented by h and 1 2 in the formula (3) has a carbon number of 3 or 4 
In this case, the synthesis of the polyimide resin by the following pro- 
duction method becomes easy and the availability thereof becomes easy 
[0017] In another preferable embodiment of the invention, n/m in 
the formulae (l)-(3) is not more than 95/5 but not less than 30/70. 
In this case, the hydrolytic stability and proton conductivity of the 
polyimide resin can be improved. 

[0018] In the other preferable embodiment of the invention, the 
polyimide resin has an average molecular weight of not less than 5000. 
In this case, when the electrolyte membrane or the like is formed from 
the polyimide resin, the strength and the like can be sufficiently 
increased. 

[0019] Further, the invention is concerned with a method of 
producing a polyimide resin, characterized by comprising a dissolution 
step under heating a mixture of a, co-alkylene diamine, a diamino 
compound represented by a general formula (4): 

H 2 N-Ar 3 -NH 2 (4) 

(in the formula (4), Ar 3 is an aromatic ring having a carbon number of 
6-20 in which at least a part of hydrogen atoms is substituted with at 
least one of a sulfoalkoxy group, a carboalkoxy group and a 
phosphoalkoxy group having a carbon number of 1-20 and a part of 
carbon atoms in these groups may be substituted with S, N, O, S0 2 or 
CO, or a part of hydrogen atoms may be substituted with an aliphatic 
group, a halogen atom or a perfluoro aliphatic group), a tertiary amine 
and an organic solvent; and 

a polymerization step of adding the above mixture with an aromatic 
tetracarboxylic acid di-anhydride compound represented by a general 
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formula (5) or (6): 
[Formula 4] 

O O 
il II 

°\>\ /° ( 5 ) 

II If 
O O 

[Formula 5] 

O O 

II If 

o o 

(in the formulae (5) and (6), each of Ar 1 and Ar 2 is an aromatic ring 
having a carbon number of 6-20, which forms an imide ring of 5 or 6 
atoms with an imide group adjoining thereto. In the aromatic ring, a 
part of carbon atoms may be substituted with S, N, O, SO2 or CO, or a 
part of hydrogen atoms may be substituted with an aliphatic group, a 
halogen atom or a perfluoro aliphatic group. Ar 1 and Ar 2 may be 
same or different.) and heating in the presence of an organic acid at a 
temperature of at least 40°C to obtain a polyimide resin. 
[0020] According to the production method of the invention, there 
can be produced a polyimide resin having an excellent hydrolytic 
stability by bonding sulfonic acid group or the like to a main chain 
through an alkoxy chain to introduce an alkylene group into the main 
chain. 

[0021] Moreover, the above production method may include a 
modification step of heating the polyimide resin to at least 150°C after 
the polymerization step to improve the physical properties of the 
polyimide resin, if necessary. 

[0022] In the production method, a mixing ratio of the diamino 
compound to a, co-alkylene diamine is not more than 95/5 but not less 
than 30/70 as a molar ratio. In this way, the hydrolytic stability and 
proton conductivity of the finally obtained polyimide resin can be 
further improved. 
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EFFECT OF THE INVENTION 

[0023] According to the invention, there can be provided a 
polyimide resin suitable for an electrolyte of a device for improving 
performances in the fuel cell, electrolytic cell and electrochemical 
sensor, and a method of producing the same. 
BRIEF DESCRIPTION OF DRAWING 

[0024] FIG. 1 is a configuration view showing an embodiment of the 
fuel cell of the invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 
[0025] (Polyimide resin) 

The polyimide resin according to the invention is represented 
by the aforementioned general formula (1). In the general formula 
(1), substituents preferable as Ar 1 , Ar 2 and Ar 3 are concretely shown as 
follows. Moreover, chemical structures shown by Ar 1 , Ar 2 and Ar 3 in 
the general formula (1) are not necessarily the same, and may be a 
copolymer or a mixture mixedly existing plural substituents. 
[0026] [Formula 6] 

Ar 1 ' Ar 2 : 




04882 HH (8/28) 



[0027] [Formula 7] 



o 

R 

R 

(CH2), 

o 

R 

(R = SO3H, COOH or PO(OH) 2 ) 
[0028] Among them, the polyimide resin represented by the general 
formula (2) is preferable, and the polyimide resin represented by the 
general formula (3) is particularly preferable. In this case, the carbon 
number of the alkoxy group shown by h, I2 in the general formulae (2) 
and (3) is preferable to be 3 or 4 in view of the easiness of the 
synthesis and the availability of starting materials. 

[0029] The molecular weight of the polyimide resin represented by 
the general formulae (l)-(3) is not particularly limited, but the weight 
average molecular weight is desirable to be at least 5000 from a 
viewpoint of the strength of the electrolyte membrane. 
[0030] Also, the values of n and m in the general formulae (l)-(3) 
are preferable to be not more than 95/5 but not less than 30/70 as n/m. 
When n/m is not more than 95/5, the hydrolytic stability of the 
polyimide resin can be improved, while when it is not less than 30/70, 
the proton conductivity can be improved. More preferably, it is not 
more than 80/20 but not less than 40/60. 
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[0031] Moreover, the polyimide resin is a copolymer having two 
structures in a parenthesis of the general formulae (l)-(3), in which 
the order of the two structure may be regular (block copolymer, 
alternating copolymer) or random. 
[0032] (Production method of polyimide resin) 

Then, the method of producing the polyimide resin will be 
described with reference to an example. The production method of 
the polyimide resin according to the invention includes the following 
dissolution step and polymerization step. 

[0033] In the dissolution step, a mixture of a, co-alkylene diamine, a 
diamino compound represented by a general formula (4): 

H 2 N-Ar 3 -NH 2 (4) 

(in the formula (4), Ar 3 is an aromatic ring having a carbon number of 
6-20 in which at least a part of hydrogen atoms is substituted with at 
least one of a sulfoalkoxy group, a carboalkoxy group and a 
phosphoalkoxy group having a carbon number of 1-20 and a part of 
carbon atoms in these groups may be substituted with S, N, O, SO2 or 
CO, or a part of hydrogen atoms may be substituted with an aliphatic 
group, a halogen atom or a perfluoro aliphatic group), a tertiary amine 
and an organic solvent is dissolved under heating. 
[0034] As the a, co-alkylene diamine is preferable an aliphatic 
diamine having an alkylene group with a carbon number of 1-20. 
The a, co-alkylene diamine may be constituted with a single compound 
or constituted with plural compounds. 

[0035] The diamino compound is a compound represented by the 
general formula (4), which can concretely include the followings: 
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[Formula 8] 




R R R 



(R = SO3H, COOH or PO(OH) 2 ). 

[0036] Among these compounds, at least one of 4,4 , -diamino-2,2'- 
bis(sulfoalkoxy)biphenyl and 4,4'-diamino-3,3'- 
bis(sulfoalkoxy)biphenyl is particularly preferable. The above 
diamino compound may be constituted with a single compound or may 
be constituted with plural compounds. 

[0037] The mixing ratio of the diamino compound to the a, co- 
alkylene diamine is preferable to be not more than 95/5 but not less 
than 30/70 as a molar ratio. When the molar ratio is not more than 
95/5, the hydrolytic stability of the resulting polyimide resin can be 
improved, while when it is not less than 30/70, the proton conductivity 
can be improved. More preferably, it is not less than 80/20 but not 
more than 40/60. 

[0038] The tertiary amine is used for dissolving a diamino monomer 
having at least one of sulfonic acid group, carboalkoxy group and 
sulfoalkoxy group in an organic solvent. As the tertiary amine may 
be mentioned trimethylamine, triethylamine, tripropylamine, 
diazabicycloundecene and the like. Particularly, triethylamine is 
preferable. These tertiary amines may be used alone or in a 
combination of two or more. 
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[0039] The organic solvent is preferable to have a high boiling point 
and a high polarity and includes phenol, m-cresol, m-chlorophenol, p- 
chlorophenol, dimethylformamide, dimethylacetoamide, dimethyl- 
sulfoxide, N-methyl-2-pyrrolidine and the like. Particularly, m-cresol 
is preferable. These organic solvents may be used alone or in a 
combination of two or more. 

[0040] Moreover, the mixture of the a, (D-alkylene diamine, diamino 
compound, tertiary amine and organic solvent is dissolved by heating, 
for example, at about 40-150°C. 

[0041] In the polymerization step, the above dissolved mixture is 
added with the aromatic tetracarboxylic acid di-anhydride compound 
represented by the general formula (5) or (6) and polymerized by 
heating in the presence of an organic acid at a temperature of at least 
40°C to obtain the aforementioned polyimide resin. 
[Formula 9] 



[0042] As the aromatic tetracarboxylic acid di-anhydride compound 
may be mentioned the following compounds. 




[Formula 10] 
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[Formula 11] 



O 




[0043] As the aromatic tetracarboxylic acid di-anhydride compound 
is preferable naphthalene-l,8:4,5-tetracarboxylic acid di-anhydride. 
The aromatic tetracarboxylic acid di-anhydride compound may be 
constituted with a single compound or may be constituted with plural 
compounds. 

[0044] The reaction between (diamino compound + a, co-alkylene 
diamine) and the aromatic tetracarboxylic acid di-anhydride compound 
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proceeds at a molar ratio of 1:1. Therefore, the amounts of (diamino 
compound + a, co-alkylene diamine) and the aromatic tetracarboxylic 
acid di-anhydride compound are adjusted so as to become a molar ratio 
of about 1:1. 

[0045] The organic acid used in the polymerization step is a catalyst 
for cyclization reaction and promotes the formation of polyamic acid 
and the formation of imide ring based on the ring closure thereof. As 
the organic acid is desirable a compound having a high boiling point 
and a high solubility in a solvent, which includes benzoic acid, 
methylbenzoic acid, dimethylbenzoic acid, salicylic acid and the like. 
Particularly, benzoic acid is preferable. 

[0046] Moreover, the organic acid may be added at the dissolution 
step unless it is existent in the polymerization step. The amount of 
the organic acid added is not particularly limited, but in case of 
benzoic acid, it is desirable to be added in a molar amount of about 
1-6 times to the aromatic tetracarboxylic acid di-anhydride compound. 
Also, the temperature of heating the mixture is at least 40°C, preferably 
about 170-180°C, at which the polymerization reaction can be 
efficiently promoted to obtain a high molecular weight polyimide resin. 
[0047] Further, a part of the alkylene groups shown by R in the 
general formula (1) can include a crosslinking structure. In this case, 
the amount of a crosslinking agent used is not particularly limited, but 
it is preferable to be a molar amount of 0.005-0.5 times to the aromatic 
tetracarboxylic acid di-anhydride compound. 
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[0048] [Formula 12] 
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[0049] In the production method of the invention, the modification 
step can be conducted in addition to the above dissolution step and 
polymerization step. The modification step is a step wherein the 
structure defect in the resulting polyimide resin is corrected to 
improve the physical properties of the polyimide resin. The structure 
defect used herein means a non-closed ring portion in the polyimide 
resin (amic acid). 

[0050] Concretely, the polyimide resin is heated to at least 150°C, 
preferably 190-220°C after the polymerization step. In this case, the 
polyimide resin is heated to a temperature higher than the polymeriza- 
tion temperature, so that the imidation of the non-closed ring portion 
in the polymer is promoted through the dehydration reaction, and 
hence the polyimide resin having no structure defect can be obtained. 
[0051] (Electrolyte membrane) 

An electrolyte membrane can be produced by shaping a high 
polymer material composed mainly of the above polyimide resin into a 
membrane. The method of forming the membrane is not particularly 
limited, but there can be adopted a usual method such as a method of 
casting the solution onto a flat plate, a method of applying the solution 
onto a flat plate with a dye coater, a comma coater or the like, a spin 
coating method, a method of extruding a melted polymer material, or 
the like. As the polymer material, the polyimide resin is used alone, 
or it may be mixed with the other polymer electrolyte or the like. 
[0052] By using the polyimide resin having an excellent hydrolytic 
stability as an electrolyte membrane is improved the durability of the 
electrolyte membrane. Also, the membrane can be produced in a low 
cost as compared with the conventionally used fluorinated resin such 
as Nafion (registered trademark) or the like. 
[0053] (Catalyst layer) 

An electrode catalyst layer can be formed by mixing the 
polyimide electrolyte with an electrode catalyst. The catalyst is not 
particularly limited, but a commercially available catalyst material can 
be used. For example, there can be used a catalyst obtained by 
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dispersing fine particles of platinum or platinum alloy into carbon 
powder. This catalyst is mixed with a solution containing the 
polyimide electrolyte of the invention and, if necessary, the other 
binding agent or the like and then dried, whereby the surface of the 
catalyst can be covered with the electrolyte to obtain the catalyst layer. 
[0054] (Membrane/electrode assembly) 

A membrane/electrode assembly (MEA) can be formed by 
sandwiching the polyimide electrolyte membrane according to the 
invention between the above catalyst layers. The method of 
sandwiching the electrolyte membrane between the catalyst layers is 
not particularly limited, but includes, for example, a hot press method 
and the like. 

[0055] (Fuel cell, electrolytic sensor, electrochemical sensor) 

A fuel cell can be made by supplying a fuel and an oxidizing 
agent to reactive electrodes at both sides of the membrane/electrode 
assembly, respectively. Also, the assembly can be used as an electro- 
lytic sensor or an electrochemical sensor by supplying water, steam, 
aqueous electrolyte solution, hydrogen mixed gas or the like thereto. 
EXAMPLE 

[0056] (Test Example 1) 

Into a 100 mL four-necked flask provided with a sealed 
mercury thermometer, a nitrogen inlet port and a reflux tube are 
0.6107 g (1.25 mmol) of 4,4'-diamino-3,3'-bis(sulfobutoxy)biphenyl 
(hereinafter referred to as 3,3'-BSBB, synthesized from 3,3'- 
dihydroxybenzidine), 0.2154 g (1.25 mmol) of l,10'-decamethylene 
diamine (hereinafter referred to as DMDA, made by Tokyo Kasei Co., 
Ltd.), 0.70 mL (6 mmol) of triethylamine (made by Aldrich) and 10 mL 
of m-cresol, which is heated at 80°C under a nitrogen stream for 
10 minutes. The resulting mixture is violently stirred to obtain a 
transparent homogeneous solution (dissolution step). 
[0057] To the resulting mixed solution are added 0.6705 g 
(2.50 mmol) of naphthalene-l,8:4,5-tetracarboxylic acid di-anhydride 
(hereinafter referred to as TCND, made by Aldrich), 1.250 g 
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(10.23 mmol) of benzoic acid (made by Kanto Kagaku Co., Ltd.) and 
7 mL of m-cresol. As a result, a reddish brown reaction solution is 
obtained. Thereafter, it is cooled to room temperature under a 
nitrogen stream and stirred for 24 hours. Then, it is heated at 175°C 
for 15 hours with stirring. The reaction solution becomes viscous 
(polymerization step). 

[0058] Then, it is heated at 195°C under a nitrogen stream for 
5 hours (modification step). After the heating, it is cooled to 60°C. 
As a result, a reddish brown viscous solution of polyimide copolymer 
is obtained. 

[0059] Next, the polyimide copolymer is cast onto a glass substrate 
to form an electrolyte membrane. The casting method is carried out by 
casting the solution containing copolymer onto the glass substrate and 
air-drying at 60°C over a day. Thereafter, it is dried at 80°C under an 
atmospheric pressure for 12 hours and further dried under a reduced 
pressure at 80°C for 12 hours to form the electrolyte membrane. 
[0060] In an infra-red absorption spectrum of the electrolyte 
membrane are observed absorption peaks of 2926, 2854 (v C h), 1706, 
1665 (v c =o), 1579 (v c =c), 1345 (v CN ), 1248, 1200 (v s =o) cm" 1 . In 1 H- 
NMR spectrum of a sample obtained by dissolving the electrolyte 
membrane in a solvent (deuterated dimethylsulfoxide) are observed 
absorption peaks of 8.75 (Ar, naphthylene, 4H), 7.58 (Ar, biphenylene, 
6H), 4.13 (CH 2 , 4H), 2.35 (CH 2 , 2H), 1.59 (CH 2 , 8H) and 1.33 (CH 2 , 
4H) ppm. From these spectra, the resulting polyimider copolymer is 
confirmed to be a compound of the general formula (2) wherein 
Ar*=Ar 2 = 1,4,5,8-naphthyl ene, n/m is 70/30, substitution position of 
sulfoalkoxy group is 3,3', li = l 2 = 4 and x= 10. 
[0061] (Test Example 2) 

A polyimide copolymer is prepared in the same manner as in 
Test Example 1 except that 4,4 5 -diamoni-3,3'- 

bis(sulfopropoxy)biphenyl (hereinafter referred to as 3,3'-BSPB) is 
used instead of 3,3'-BSBB and the sum of addition amounts thereof 
with DMDA is 2.0 mmol at the dissolution step, and an electrolyte 
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membrane is prepared therefrom. 

[0062] When the electrolyte membrane is subjected to the same 
analyses as in Test Example 1, the resulting polyimide copolymer is 
confirmed to be a compound of the general formula (2) wherein 
Ar*=Ar 2 = 1,4,5,8-naphthylene, n/m is 70/30, substitution position of 
sulfoalkoxy group is 3,3', li=l 2 = 3 and x= 10. 
[0063] (Test Example 3) 

A polyimide copolymer is prepared in the same manner as in 
Test Example 2 except that 1,6-hexamethylene diamine is used instead 
of DMDA, and an electrolyte membrane is prepared therefrom. When 
the electrolyte membrane is subjected to the same analyses as in Test 
Example 1, the resulting polyimide copolymer is confirmed to be a 
compound of the general formula (2) wherein Ar*=Ar 2 = 1,4,5,8- 
naphthylene, n/m is 70/30, substitution position of sulfoalkoxy group 
is 3,3', li = l 2 = 3 and x= 6. 
[0064] (Oxidative stability) 

Each of the electrolyte membranes of Test Examples 1-3 is 
heated at 80°C in a Fenton's reagent (aqueous solution of 3% hydrogen 
peroxide containing 2 ppm of iron sulfate) to observe an appearance of 
the electrolyte membrane with the lapse of time. A time of starting 
the dissolution of the electrolyte membrane and a completely 
dissolving time are recorded. For the comparison, the same test for 
oxidative stability is applied to a commercially available fluorine- 
based film (Nafion 112) (Comparative Example 1) and an electrolyte 
membrane made form a polyimide copolymer of the general formula 
(2) wherein n/m is 70/30 and sulfonic acid group is directly bonded to 
2,2'-site (Comparative Example 2), respectively. 
[0065] (Hydrolytic stability) 

Each of the electrolyte membranes of Test Examples 1-3, the 
fluorine-based film of Comparative Example 1 and the electrolyte 
membrane of Comparative Example 2 is exposed to an atmosphere of 
high temperature and high humidity (140°C, 100% humidity) for 
24 hours, and thereafter an appearance of the sample is observed. 
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[0066] (Measurement of proton conductivity) 

Each of the electrolyte membranes of Test Examples 1-3, the 
fluorine-based film of Comparative Example 1 and the electrolyte 
membrane of Comparative Example 2 is cut into a size of 5x40 mm, 
and an AC impedance is measured by a four-terminal method. 
The measurement is carried out at 120°C and 100% relative humidity 
under conditions that a constant current is 0.005 mA and a sweep 
frequency is 10-20000 Hz. A proton conductivity is calculated from 
the measured impedance, a distance of the membrane between 
terminals (10 mm) and a membrane thickness (30 [im). 
[0067] [Table 1] 





Substitution 
position of 
sulfoalkoxy 
group 


11=12 


x 


Dissolution 
start 
(hourrminute) 


Complete 
dissolution 
(hour:minute) 


Appear- 
ance 


Proton 
conductivity 
(Scm 1 ) 


Test 

Example 1 


3,3' 


4 


10 


0:54 


2:00 


not 
broken 


0.12 


Test 

Example 2 


3,3' 


3 


19 


0:55 


2:10 


not 
broken 


0.15 


Test 

Example 3 


3,3' 


3 


10 


0:45 


1:45 


not 
broken 


0.18 


Comparative 
Example 1 
(fluorine- 
based film) 














0.10 


Comparative 
Example 2 
(main chain 

polyimide 
membrane) 


2,2' 


0 


0 


0:00 


0:10 


broken 


0.15 



[0068] As seen from Table 1, the samples of Test Examples 1-3 
wherein the sulfonic acid group is bonded to the main chain through 
alkoxy chain can largely improve the hydrolytic stability of the 
membrane while maintaining the high proton conductivity and can 
keep the mechanical strength. 

[0069] Also, the samples of Test Examples 1-3 become longer by 
not less than 10 times in the dissolution complete time in Fenton's 
reagent as compared with Comparative Example 2, from which it can 
be seen that the oxidative stability is considerably improved. Further, 
the samples of Test Examples 1-3 show a high proton conductivity as 
compared with the fluorine-based film of Comparative Example 1. 
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[0070] As seen from the above, the electrolyte membrane made of 
the polyimide resin of the invention in which the alkylene group is 
introduced into the main chain and the sulfonic acid group is bonded 
to the polyimide main chain through alkyl group can improve the 
hydrolytic stability and oxidative stability without damaging the 
proton conductivity. 

[0071] (Preparation of catalyst layer-membrane/electrode assembly) 
In 10 mL of m-cresol/DMF (volume ratio: 1/9) are kneaded 
1 g of carbon black highly dispersed with 30 wt% of platinum and 
1.00 g of the polyimide resin of test Example 1. 0.15 mL of the 
resulting paste is uniformly applied onto a gas diffusion layer (area: 
10 cm 2 ) made from a wet-proof carbon paper and dried at 80°C for 2 
hours. It is cold-pressed (10 kg/cm 2 , 10 sec) and immersed in 400 mL 
of an ethanol solution of IN nitric acid for 12 hours with stirring. 
After this acid treatment is further repeated two times, the resulting 
electrode catalyst is washed with ethanol and dried at 80°C for 2 hours. 
The acid-treated polyimide membrane (thickness: 50 ^.m, area: 10 cm 2 ) 
is sandwiched between two electrode catalysts and hot-pressed to 
obtain a catalyst layer-membrane/electrode assembly. 
[0072] [Test for fuel cell] 

In FIG. 1 is schematically shown a structure of a fuel cell. 
The aforementioned catalyst layer-membrane/electrode assembly 11 is 
sandwiched between two gas diffusion electrodes 14A and 14B. On 
one main face side of the assembly 11 is arranged an anode-side gas 
diffusion electrode 14A formed by contacting an anode-side catalyst 
layer 12A with an anode-side wet-proof current collector 13A, while 
on the other main face side thereof is arranged a cathode-side gas 
diffusion electrode 14B formed by contacting a cathode-side catalyst 
layer 12B with a cathode-side wet-proof current collector 13B. 
[0073] Further, a separator 16A having grooves 15A for the supply 
of reaction gas is contacted with a side of the anode-side gas diffusion 
electrode 14A opposite to the assembly 11, and a current collecting 
portion 17A is formed between the grooves 15A in the separator 16A. 
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Similarly, a separator 16B having grooves 15B for the supply of 
reaction gas is contacted with the cathode-side gas diffusion electrode 
14B, and a current collecting portion 17B is formed between the 
grooves 15B in the separator 16B. 

[0074] A lead wire having a resistor 18 is connected between both 
the current collecting portions 16A and 16B and hydrogen is supplied 
to the anode side (200 mL/min, 90°C humidification) and oxygen is 
supplied to the cathode side (100 mL/min, 60°C humidification) to 
obtain a current-potential characteristic measured at 80°C as shown in 
Table 2. 

[0075] [Table 2] 



Potential (V) 


Current density 
(mA/cm 2 ) 


0.9 


26 


0.7 


1689 


0.5 


3260 



[0076] As seen from Table 2, the fuel cell according to the invention 
has high performances. 

[0077] Although the invention is explained in detail based on the 
embodiments of the invention with reference to the concrete examples, 
the invention is not limited to the contents and any modifications and 
variations are possible within the scope of the invention. 
INDUSTRIAL APPLICABILITY 

[0078] The invention can be preferably used as an electrolyte 
membrane and a catalyst layer in devices such as a fuel cell, an 
electrolytic sensor, an electrochemical sensor and the like. Also, it 
can be preferably used in various devices inclusive of a membrane/ 
electrode assembly utilizing the electrolyte membrane and catalyst 
layer such as a fuel cell, an electrolytic sensor, an electrochemical 
sensor and the like. 
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